Accumulating evidence indicates that the adolescent hippocampus is highly susceptible to alcoholinduced structural damage and behavioral deficits. Microglia are vitally important brain constituents needed to support and maintain proper neural function; however, alcohol's effects on microglia have only recently gained attention. The microglial response to alcohol during adolescence has yet to be studied; therefore, we examined hippocampal microglial activation in an adolescence binge alcohol exposure model. Adolescent male Sprague-Dawley rats were administered ethanol 3 times/day for 4 days and were sacrificed 2, 7, and 30 days later. Bromo-deoxy-Uridine was injected 2 days after ethanol exposure to label dividing cells. Microglia morphology was scored using the microglia marker Iba-1, while the extent of microglial activation was examined with ED-1, major histocompatability complex-II (MHC-II), and tumor necrosis factor (TNF)-a expression. Ethanol induced significant morphological change in hippocampal microglia, consistent with activation. In addition, ethanol increased the number of BrdU+ cells throughout all regions of the hippocampus 2 days after the last dose. Confocal microscopy showed that the proliferating BrdU+ cells in each region were Iba-1+ microglia. Importantly, newly born microglia survived and retained their morphological characteristics 30 days after ethanol exposure. Ethanol did not alter hippocampal ED-1, MHC-II, or TNF-a expression, suggesting that a single period of binge ethanol exposure does not induce a full microglial-driven neuroinflammatory response. These results establish that ethanol triggers partial microglial activation in the adolescent hippocampus that persists through early adulthood, suggesting that alcohol exposure during this unique developmental time period has long-lasting consequences.
Introduction
The relationship between excessive alcohol consumption during adolescence and the increased tendency to develop an alcohol use disorder as an adult has led to intense focus on understanding how alcohol interacts with the brain during this unique developmental period (Grant and Dawson, 1997) . Evidence suggests that adolescents are highly sensitive to alcohol's rewarding and memory impairing effects (Doremus-Fitzwater et al., 2010) , while they display reduced sensitivity to its motor impairing and sedative effects (Little et al., 1996) , a combination hypothesized to drive excessive alcohol consumption (Nixon and McClain, 2010; Spear and Varlinskaya, 2005) . Several lines of evidence suggest that the adolescent hippocampus is particularly vulnerable to alcohol-induced impairments and damage (Crews et al., 2000; White and Swartzwelder, 2005) . Reports consistently show that excessive alcohol consumption during adolescence reduces hippocampal volume and interferes with hippocampal-dependent learning and memory function (De Bellis et al., 2000; Nagel et al., 2005; Schweinsburg et al., 2010; Sircar et al., 2009; Weitemier and Ryabinin, 2003) . In addition, hippocampal neurogenesis, a process that continues throughout life and contributes significantly to structural and functional aspects of the hippocampus, is inhibited by alcohol intoxication (Crews et al., 2006c; Morris et al., 2010; Nixon and Crews, 2002) .
Recent hypotheses contend that alcohol-induced brain damage may result from a neuroinflammatory response within the hippocampus involving proinflammatory cytokines, cyclooxygenase-2 (Cox-2), and inducible nitric oxide synthase (iNOS) upregulation (Crews et al., 2006a; Knapp and Crews, 1999; Pascual et al., 2009; Qin et al., 2008; Zou and Crews, 2010) . Microglia, the brain's resident immune cells, have been identified as significant sources of cytokines and other immune modulators that participate in neuroinflammatory reactions involved in brain injury and neurodegenerative diseases (Block et al., 2007) . Under normal
